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RENAI. CALCULUS is a comimnon disease in Northern Ireland. In the past fifteen
months I have seen 55 cases. In 54 per cent. of these cases calculi have been
formed more than once, and in 33 per cent. stones have been formed in both kidneys
on more than one occasion, not counting two cases in which there were bilateral
calculi when the patient first appeared.
TABLE 1.
RENAI CALCULUS.
Single Recurrents
No. ELisoode Recur-r-ents Bilateral
Adults -MXale - - 28 ... 13 ... 15 ... 10
-Female - - 22 ... 9 ... 13 ... 8
Akdolescents-Male - - 3 ... 2 ... 1 ... 0
-Female - - 0 ... 0 ... 0 ... 0
Children -Male - 1 ... Bilateral ... 0 ... 0
-Female - - 1 0 ... 1 ... 0
I OTAL - - - - 55 25. 3(54%) ... 18 (33%)
The high incidence of recurrence of stones after operative removal makes it
important to search for some efficient method of prophylaxis. It would also be of
great interest if it were possible to discover a method for dissolving even small
stones by medical means. Dissolution of stones is not an impossibility, and there
have been rare reports in the literature of the spontaneous dissolution of calculi;
about sixteen cases in all have been reported, mostly recumbency stones (Elliot,
1954). It has been shown by the use of radio-active calcium that the ions on the
surface of the stone are continually passing into solution and fresh ions are being
deposited again (Cristol, Bothe, and Grotzinger, 1948; Benjamin, Nexvman,
Thompson, and Waterhouse, 1950). IThese reports point to the possibility of
dissolution of stones, if the solubility of the stone-forming substances in urine could
be increased. There have been attempts to do this in cases where direct access to
the stone could be obtained via a nephrostomy tube, but I do not wish to discuss
these because such cases form only a small fraction of stone patients.
I will mention briefly some of the factors which have been suggested as a cause
for stone formation, and will confine myself in the main to stones in which the
inorganic substance is a calcium salt, since these are by far the commoner type
of stones. The causes usually suggested for stone formation are shown in Table 2.
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CAUSES SUGGESTED FOR STONE FORMIATION.
1. Urinary infection.
2. Urinary stasis.
3. Vitamin A deficiency.
4. Excess excretion of stone-forming substances.
5. Change in the urinary colloids.
1. Urinary infection frequently accompanies renal calculi, and many workers
in the past have regardedl this as being of great importance in the formation of
stones, especially infection with urea-splitting organisms. Hellstrom (1938) claimed
to have identified Staphlococci in the matrix of a large number of calculi, but it is
dificult to see how he could have detected their presence after the treatment to
which he had subjected the stones.
TIABLE 3.
RENAL CALCULUS.
Infected
Type No. Cases Urine 0 Infection
Single Episode - - 2 . 1:3 ... 52
Recurrent - - - 30 ... 18 ... 60
Recurrent bilateral - 18 ... 12 ... 66
MAan! cases of renal calculi occur witlhout an infected urine, and in my series
24 out of 55 (44 per cent.) did not show evidence of infection at any time. The series
contains six cases of recurrent bilateral calculi in which infection has not been
demonstrated, an(d there are also four cases of recurrent unilateral stone without
infection. Another fact which suggests that infection is probably not an essential
factor in the pathogenesis of renal calculi is that pyelitis and pyelonephritis are
very common diseases in comparison with stone, and although similar organisms
are frequently found in both diseases, many patients with chronic urinary infection
never develop stones. However, infection probably plays a part in aiding the
growth of stones in patients alreadly in some way predisposed to them.
2. Many people have suggested that an obstructive lesion in the urinary tract
miay cause the formation of calculi, and some have postulated that stones never
form in the absence of obstruction. It is obvious that obstruction would favour
the retention of any minute deposit of organic or inorganic material around which
a macroscopic calculus could be formed, but few cases of calculi are associated
with gross obstructive lesions, probably because the urine from an obstructed
kidney is very dilute (Woodside). In cases where there are recurrent unilateral
stones there might be some physiological obstruction on the stone-forming side.
Urinary stasis appears to play a part in the formation of recumbency stones, but
again, many patients are confined to bed for long periods, yet do not develop stones.
3. Vitamin A deficiency has often been evoked as a cause for calculus formation,
mainly because diets deficient in vitamin A have been used for the experimental
production of calculi in rats. These diets are also unbalancedl in mineral elements,
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A. 'T'he relationship of these findings to the human disease is uncertain. The
hyperkeratosis seen in the renal pelvis in the experimental avitaminosis is not a
feature of the human calculus containing kidneys. A number of series of human
eases has been surveyed for evidence of vitamin A (leficiency, and usually no
evidenice of this has been found. Sobel (1952) has suggested that there might be
a localised deficiency of vitamin A in the kidneys of stone patients, due to poor
transportation of the vitamin across cell membranes. A vitamin A depleted animal,
when given small amounts of vitamin A, stores it first in the kidneys. Two of
Sobel's patients who had histories of repeated stone formation were given 40,000
units of vitamin A daily for two years. No new stones formed (luring this period,
and stones present at the beginning have shrunk. It is difficult to see how this
hypothesis could be proved, but it is an interesting possibility.
4. Some stone patients excrete greater amounts of the stone-forming elements
than dlo normal individuals. This is true of cystinurics, who tend to form cystine
stones. However, the relatives of the patients with cvstine stones are sometimes
found to excrete abnormally large amounts of cystine yet never form demonstrable
stones. Another group of patients who excrete the stone-forming substances in
greater amounts than normal are patients with hyperparathyroidism, and these
patients are considered to account for anything up to 20 per cent. of all cases of
renal calculi (Pyrah, 1955). It may be that hyperparathyroidism is an even more
common cause for renal calculi than this suggests, because the condition is often
not looked for. It is noteworthy that not all patients with hyperparathyroidism
form calculi; in Hellstr6m's series (1954), 30 per cent. did not have calculi. Others
have tried to show that even in the cases without hyperparathyroidism there is an
increased output of calcium in the urine. Sutherland (1954) claimed to find an
increased output in nearly 60 per cent. of his cases, but his criteria for increased
excretion are not sufficiently rigid. In my series I have estimated the urinary
output of calcium on a basal diet containing 154 mg. calcium, and have found 7
out of 28 patients (25 per cent.) who had an excretion of over 200 mg., while none
of my 10 normal control subjects exceeded 150 mg. on the same diet. These, with
increased output, have all, except one, had recurrent calculi, and it may be that
they include some patients with a minor (legree of hyperparathyroidism, but
although several cases are suspect, I feel that there is not sufficient evidence to
justify exploration of the neck in search of a tumour or hyperplastic parathyroids.
Six cases who persistently form stones have an excretion of under 100 mg. calcium
per day.
5. The urinary colloids have been involved in the theories of calculi formation
in two ways. Some have suggested that there might be a deficiency of colloids,
and therefore less surface area to which the stone-forming elements could be
absorbed, and hence prevented from precipitation. Others have postulated that in
stone patients the colloids may alter in some way to form a gel around which, and
in which the mineral salts are deposited to form stones. 'T'he latter theory has been
brought into prominence in the recent past by the work of Butt on the injection of
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but others have not been able to repeat his goodl results, and have even suggested
that hyaluronidase therapy appears to increase the rapidity with which stones are
reformed (Prien, 1954). Butt claimed that the injection of hyaluronidase caused a
reduction in the surface tension of the urine, presumably due to the excretion of
hyaluronic acid. If this is so, hyaluronic acid ought to be present in normal urine,
and I have been unable to demonstrate its presence by incubating urine with
hyaluronidase, and looking for the reducing compounds that ought to be produced
by its hydrolysis. Other workers hlave been unable to show any reduction in the
urinarry surface tension after the injection of hyaluronidase into normal individuals
(Smidldy, 19954). Narins, Simon, and Oppenheimer (1948) reported that when stones
were incubated ini vitro with hyaluronidase, they underwent fragmentation, but I
hlave been unable to findl any such effect, even after prolonged periods of incubation
up to a week. It lhas also beeni reported that hyaluronidase will not prevent the
formation of stones around foreign bodies introduced into the urinary tract of rats
(Smiddy, 1954).
There does not appear to be any common factor which xvould serve to link these
causes for stone formation, and it is noteworthy that stones are not always formed
when any of these conditions are present, and stones can be formed in the absence
of all of them. It seems reasonable to suppose that there might be some underlying
condition which predisposes to stone formation, and factors such as urinary
infection, stasis or increased urinary output of calcium only make such a tendency
more marked. WVith this idea in mind, I became interested in how the inorganic
salts are kept in solution in normal individuals. It has long been recognised that
urine is suLpersaturated with regard to the major stone-forming substances. Why
do wve not all have stones? It has been considered that the solubility of these
stone-forming substances (lepends on: (1) the pH; (2) the presenlce of other
electrolytes; (3) the so-calle(d hvdrotrophic action of urea; (4) the protective action
of the urinary colloids. I will consider the first three factors together. I have
prepared a solution containing all the major cations and anions in the proportions
in which they are usually present in the urine. Physiological amounts of urea and
uric acid were adlded, and the pH was adjusted to 6.0, at which point all the
calcium would have gone into solution if it had been urine. After shaking the
mixture and leaving it to sit for severcal hours, it xvas found that only 30 per cent.
of the expected calcium was in solution, and after five clays 47 per cent. was in
solution. At this point the addition of amino acids in physiological amounts brought
another 22 per cent. into solution. I will refer to this point again later. It was
necessary to take the pH down to 5.3 before all the calcium was held in solution,
whereas normal urine will hold a similar amount of calcium in solution at a pH
of 7. This suggests that there is some substance acting in normal urine other than
the electrolytic effect of other salts, and the-hydrotrophic effect of urea, since these
were both present in my synthetic urine. I find that calcium tends to precipitate
from the urine of my stone patients at a loxver pH than in the normal controls.
A consideration of the other substances normally present in urine in amounts
that make them likely to account for the large amount of calcium that can be held
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was thought that these might form a soluble compound with the calcium and hence
hold it in solution. It is known that amino acids form soluble chelation compounds
with such cations as zinc, cobalt, nickel, and copper; but there is little in the
literature about their behaviour with calcium. Ihese chelation compounds are
interesting, because, if they are formed in urine, they might bind the calcium in
soluble form so that it would not be available for precipitation as calcium oxalate
or phosphate. I was able to show that in a simple solution at physiological pH the
addition of amino acids could prevent the precipitation of calcium as a phosphate,
but it required relatively large amounts of the amino acids to do this. Glycine,
alanine, hippuric acid, glutamic acid, and glycylglycine all had appreciable effect,
but the other amino acids normally occurring in urine were much less active. This
prompted me to add amino acids to normal urine to see if this increased the amount
of calcium that could be held in solution. It is sometimes possible to demonstrate
that this is so, but the magnitude of the effect varied from urine to urine, and
occasionally no increase at all can be detected. These experiments are difficult
because they require an exact control of the pH. However, in the synthetic urine
the addition of a mixture of amino acids increases the amount of calcium held in
solution by 22 per cent. It may be that the inconsistent results obtained with urine
may be explained by the possibility of a balance existing between the various amino
acids, because in the synthetic urine a mixture of amino acids seems to have greater
effect than a single amino acid. This is as far as I have progressed with this side
of the work up to the present.
If the amino acids are part of the mechanism which prevents the precipitation of
calcium salts in the urine of normal individuals then stone patients might excrete
less amino acid than normals. On chromatography of their urine many of them
appear to have a reduced output of all amino acids. Some patients who are known
to form calcium stones have a marked cystinuria, and this does not appear to be
due to renal tubular damage. The significance of this finding is as yet unknown, but
further work on this point is in progress.
A further test of the amino acid theory is being carried out on rats. A large batch
of rats are being fed on a diet which is known to produce stones. These are divided
into groups, one of which acts as a control. The other groups are being fed various
amino acids. If the amino acids are effective there should be a lower incidence of
stone formation in the treated than in the control group, but the results of this
experiment will not be forthcoming for several months yet. The next step would
be to try the effect of feeding additional amino acids to a group of patients who
are known to form stones fairly rapidly. A number of patients are known who
would form a suitable group. A difficulty is the fact that amino acids are very
expensive. A possibility that suggests itself is to feed a high protein diet, and
several patients have been started on a diet containing 200 gm. protein per day.
This. too, is expensive, and it may be that the protein metabolism of these people
differs from that of normal individuals in some essential way, and I may not succeed
in altering their urinary amino acid output towards a more normal picture. It is
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high protein (liet for a few months and to note any change that may have occurred.
Can renal calculi be prevented? My work on amino acid is not sufficiently
advanced for its value to be assessed. What can we do for these patients at present?
First of all, we ought to exclude hyperparathyroidism as a cause of recurrent stone
formation. lhose patients who excrete abnormal amounts of cystine ought to be
given alkalis in the attempt to keep the urine alkaline, as cystine is more soluble
in alkaline solutions (Dent, 1955). Every effort ought to be made to clear up
urinary infection where it exists. Since most stones are mixtures of calcium
oxalate, phosphate, and sometimes carbonate in varying proportions, it is more
likelv that the calcium is of greater importance than the anion, and therefore special
diets woul(d not seem to be of much help, as it is practically impossible to feed a
low, or even a moderately low calcium diet in these days of calcium fortified flour.
WVhen the stones are predominately calcium phosphate it would appear logical to
give aluminium hydroxide to lessen absorption of phosphate. It also seems reason-
able to encourage them to take as high a fluid intake as possible. I ask them to
drink sufficient fluid in the evening to necessitate them passing urine once during
the night.
This wvork is heing carried out with the aid of a grant from the Medical Research Council,
under the guidance of Professor Bull. I am also indebted to the Northern Ireland Hospitals
Authority for facilities made available in the Royal Victoria Hospital and the Royal Belfast
Hospital for Sick Children. I owe a particular debt to the surgeons who have provided me
with the clinical material, especially to the late Mr. Woodside, from whose wards much of it
has come. I am grateful to Mr. D. WV. Neill and the Department of Biochemistry of the
Royal Victoria Hospital for help with biochemical determinations.
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